Abstract. In this paper, Al coatings were deposited on the TC4 Titanium alloy by arc ion plating, and hence the Al coatings were micro-arc oxidized (MAO) in the solution of Na2SiO3 + (NaPO3)6 for 20min, 60min and 90min, respectively. The microstructure and oxidation behavior at 700 o C in air for 100 h were investigated by SEM/EDS, XRD and electric balance. The results show that with the increase of MAO treated time, the acquired scales became coarser, and their main composition was rich in Al2O3. After the 10 hours of the initial oxidation at 700 o C in air, obvious peeled scales were appeared on the samples of MAO treated for 20 min and 90min. After oxidation for 40 h, the samples of MAO treated for 60 min occurred mass lose. The oxidation mechanism of the MAO treated TC4 alloy was discussed.
Introduction
Due to the high strength-to-weight, excellent corrosion resistance and biocompatibility, titanium and its alloys are used in many industries such as aerospace, automotive, medical and offshore engineering [1, 2] . However, the poor oxidation property and tribological behavior caused by high and unstable friction coefficient, severe adhesive wear and a strong tendency to seize, as well as the release of alloying elements into the surrounding cells or tissues in biological environments have seriously restricted extensive applications of titanium alloys in various industry sectors [3] . Therefore, it is a pivotal problem of how to alter the surface properties of the titanium alloys favorably to make them more resistant to oxidation and wear in various environments.
The MAO coating on Ti6Al4V alloy has not only strong adhesion to the substrate, but also strong cohesive strength inside the coating [4] . Although the MAO coating on titanium alloy has higher microhardness in the local compact regions than the substrate, the MAO coating fails quickly at high temperature environment [5] . Al2O3 scales always have excellent oxidation properties below 1000 o C in air [6, 7] . In this paper, a Al coating was deposited on TC4 alloy by arc ion plating, and the Al coating was hence treated by MAO for different time. The oxidation behavior of the scale riched in Al2O3 at 700 o C in air for 100 h was investigated.
Experimental

Samples Preparation and MAO Process
Ti6Al4V alloy was used as the substrate material in the present study. Prior to arc ion plating treatment of Al coating, the Ti6Al4V alloy sheets with a size of 35 mm×20 mm×2 mm were polished with SiC abrasive papers up to 1000 grit, and then were cleaned ultrasonically in distilled water, followed by acetone.
The main parameters of arc ion plating of Al were arc current 60A, Ar pressure 1.2Pa and deposition time 20min.The micro-arc oxidation process was conducted using a home-made bipolar micro-arc oxidation equipment (Jiangxi Yuneng High-tech Power Co. Ltd., China). The titanium alloy sample was used as the anode and a stainless steel plate was used as the cathode. The composition of the electrolyte and the operating conditions of the MAO process are listed in Table  1 . In order to obtain different microstructures of the MAO coatings on the Ti6Al4V alloy, the MAO treating time was set for 10, 60 and 90 min, respectively. 
Microstructure and Oxidation Test
The oxidation tests of the MAO of Al coating on TC4 titanium alloy at 700 o C for 2 100h were carried out in an electrical furnace. Every 10 h of oxidation duration, the samples will be cooled in air for mass detection by the CP225D electrical balance. After the oxidation tests, the microstructure and morphologies of the films were observed through a Philips XL-30 scanning electron microscope(SEM)with energy dispersive x-ray analysis(EDS) The phase structures of the specimens after oxidation tests were determined by X-ray diffraction(XRD) using Cu Kα radiation.
Results and Discussion
Microstructure Figure 1 and Figure 2 show the surface microstructure and cross-sectional morphologies of the MAO treated Al coating on TC4 alloy for different periods of time. It can be seen that with the increase of MAO treated time, the surface of the scales became rougher, but the number of micro-holes decreased. All the scales adhered to the substrate coherently. Interestingly, the boundary between the MAO scale treated for 20min (Figure 2a 
Oxidation Tests
The kinetic curves of the MAO scales oxidized at 700 o C in air are shown in Figure 3 . It can be seen that after the 10 hours of the initial oxidation, distinct weight lose were appeared on the samples of MAO treated for 20 min and 90min. After oxidation for 40 h, the samples of MAO treated for 60 min occurred mass lose, indicating local scale peeled off the sample. The surface morphologies of the MAO treated Al coating on TC4 alloy after oxidation at 700 o C for 100h are shown in Figure 4 . Due to the peeled off of the upper scale, the morphologies of the oxidized samples were very similar to their original microstructure. EDS and XRD(shown in Figure  5 ) results indicated that, the main composition of the MAO treated sample for 20 min is TiO2, while the left samples are Al2O3 and SiO2. During the oxidation tests, every 10 h of oxidation duration, the samples will be cooled in air for mass detection. In this process, large thermal stress existed between the oxide scale and the substrate. The thermal coefficient expansion for Al, Al2O3, SiO2 and TC4 are 24×10 -6 /K -1 [8] , 8.1×10 -6 /K -1 [9] , 0.5×10 -6 /K -1 [9] , 9.4×10 -6 /K -1 [10] . For the sample MAO treated for 20 min, the left Al layer produces larger thermal stress between Al layer boundary and the upper scale or lower substrate. On the other hand, for the sample MAO treated for 90min, larger growth stress exists in the thick scale, leading to peeling in the initial stage of oxidation. The sample MAO treated for 60 min had the best oxidation behavior at 700 o C in air. 
Conclusions
Al coatings were deposited on the TC4 Titanium alloy by arc ion plating, and hence the Al coatings were MAO treated for 20min, 60min and 90min, respectively. After the 10 hours of the initial oxidation at 700 o C in air, obvious peeled scales were appeared on the samples of MAO treated for 20 min and 90min due to the large thermal stress or growth stress. The sample MAO treated for 60 min had the best oxidation behavior at 700 o C in air.
